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Abstract
Maass, Jaclyn. M.S. The University of Memphis. December 2014. Dissecting Concept
Maps. Major Professor: Dr. Philip I. Pavlik, Jr., Ph.D.
Concept maps (CMs) and their effectiveness as educational tools have been of great
interest amongst educators and researchers over the past 30 years. However, research has
not addressed if the two components of concept maps (i.e., nodes and links) offer
different mechanisms for learning. Participants (n = 86) in the current experiment read a
science text while taking notes by: generating only links of a CM, generating only nodes,
or generating all components of a CM. A non-generative comparison group studied a
fully provided map along with the text. Posttest assessments measured information recall
and transfer ability. Repeated measures ANCOVAs indicated that providing students
with nodes, and therefore the key concepts and structure of the information, produced
significantly higher posttest scores than having students generate nodes. The expected
benefits of generative note taking and partial scaffolding were not found. Implications
and future experiments are discussed.
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Chapter 1
Introduction
Concept maps were first introduced, under that title, by Novak and Gowin (1984).
Concept maps consist of two main components: nodes and links. The nodes represent
main ideas or concepts and the links represent the relationship between those concepts.
The links within a concept map should indicate the direction of the relationship and
provide students with a label to specify the nature of the relationship (e.g., causes, is an
example of, is defined as, etc.). Each node – link – node connection is referred to as a
proposition and each proposition should, ideally, be able to be read as a single declarative
fact. A concept map, therefore, is a collection of propositions concerning a certain
subject, often answering a specific focus question, which provides structure and
constraint to the map (Cañas & Novak, 2006). For example, a map that is about “The
universe” would be trying to cover too much ground and lack a clear focus. Furthermore,
asking a student to create a map about “The universe” would be an overwhelming task. A
map that addresses the question, “How was the universe created?” would have more of a
defined purpose, allowing the map to be easier to create and interpret.
There has been an abundance of research on the benefits of using concept maps in
educational settings. Past research within the concept mapping community has focused
on many different domains including computer science (e.g., Kaivola & Lokki, 2010;
Kao, Chen, & Sun; Shaw, 2010), biology (e.g., Brullo, 2012; Lambiotte & Dansereau,
1992; Robinson & Skinner, 1996; Wiegmann, Dansereau, McCagg, Rewey, & Pitre,
1992), chemistry (e.g., BouJaoude & Attieh, 2008; Stensvold & Wilson, 1990), and math
(e.g., Serhan & Syam, 2011). It has been suggested that the most promising features of a
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concept map are its nonlinear layout, the explicit labeling of relationships among
concepts, and its ability to more easily display the macrostructure of a topic in addition to
its details (Endsley, 2000; Lambiotte & Dansereau, 1992; Zeitz & Spoehr, 1989).
Concept maps have proven to be of particular benefit for students with low prior
knowledge and/or low verbal ability (e.g., Lambiotte & Dansereau, 1992; Nesbit &
Adesope, 2006; O'Donnell, Dansereau, & Hall, 2002; Patterson, Dansereau, &
Wiegmann, 1993; Stensvold & Wilson, 1990; Wiegmann et al., 1992). The benefits of
concept mapping may arise from the dual coding that such mapping provides. Paivio
(1974, 1991) theorized that learning could be improved by studying material presented in
both verbal and spatial / visual displays, since information could be encoded and
retrieved through dual pathways (verbal and spatial), which is exactly what concept maps
allow for (Newbern, Dansereau, & Patterson, 1997).
Concept maps have been used for over thirty years in the educational setting for a
number of purposes including: providing students with completed maps to study, asking
students to create concept maps as they learn (a form of note-taking), and assessing
students’ knowledge gain through continual concept map creation. This proposal focuses
on the note taking function of concept maps. Just as there is a continuum of instructional
uses for concept maps, there is also a continuum of presentation styles under which
concept map based note taking (CMBNT) may take place. The current work will
investigate the effectiveness of providing students with different levels of scaffolding
during CMBNT. For example, students may receive a complete concept map to study
along with the primary content, they may receive some amount of a partial map to
provide direction in their note taking, or they may receive no assistance in creating their
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own concept map from scratch. Assuming, based on previous research, that some amount
of scaffolding will be most beneficial to the students (e.g., Alvermann & Boothby, 1986;
Chang, Sung, & Chen, 2001; Katayama & Robinson, 2000; Russell, Caris, Harris, &
Hendricson, 1983), the current experiment seeks to determine whether the generation of
different types of semantic material within a concept map will lead to different learning
and which type will be most beneficial. Specifically, when using CMBNT, it has not been
investigated whether the different components of a concept map (nodes and links)
differentially affect learning. The main hypothesis is that CMBNT that focuses on the
link/ relationship knowledge will allow students to develop a deeper and more connected
understanding of the material. Another more applied purpose of the proposed experiment
is to investigate specific ways to implement the use of concept maps in an educational
setting (e.g., students filling in a partial map, creating their own map, or studying a prefilled in map). The results of this experiment will offer insight into how different concept
mapping tasks will affect learning in terms of multiple measures of learning (e.g., fact
recall, recognition, and applied and analogical measures).
The literature review for the current study is limited to the use of concept maps
(and closely related organizers) in an educational setting, with the purpose of the map
being to convey information from teacher to learner, or being used in an attempt to
advance or enhance the learner’s knowledge. Only studies involving individual (i.e., not
collaborative) concept mapping activities were included. To be included, studies must
have also had some quantitative aspect, whether the work was purely quantitative or of a
mixed (quantitative and qualitative) nature. Exceptions for this criterion were made for
review and meta-analysis articles that offered novel conceptual insight or interpretation
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(Cañas, Reiska, & Novak, 2010; Daley & Torre, 2010; Horton et al., 1993; Lambiotte &
Dansereau, 1992; Lambiotte, Dansereau, Cross, & Reynolds, 1989; Nesbit & Adesope,
2006; Novak & Cañas, 2008; O'Donnell et al., 2002; Romance & Vitale, 1999).
Search terms for this literature review included: concept map, knowledge map,
graphic organizer, analogical reasoning, and relational links in search indices including
ERIK and PSYC info. The results of the search yielded articles in top journals within this
field including The Journal of Experimental Education, Contemporary Educational
Psychology, Review of Educational Research, and Educational Psychology Review and
draws heavily on work published at the International Conference of Concept Mapping.
Defining “Concept Map”
Concept maps have many different names, with definitions differing slightly from
one researcher to another. Before reviewing how concept maps and their relatives have
been defined thus far in the scientific literature, it is worth noting that the task of defining
such terminology has been attempted many times in the past, sometimes with very
disorganized and inconclusive results. Therefore, the following section will present and
attempt to synthesize some previous definitions and conclude with an explanation of how
a concept map will be defined for the purposes of the current experiment.
Concept maps can be categorized as a type of graphic organizer. Graphic
organizers, which descended from advance organizers (Cleary, Platten, & Nelson, 2008),
are commonly used in reading comprehension studies (Lambiotte et al., 1989). Graphic
organizers have been defined in a broad sense as two-dimensional displays used to
communicate concept relations based on relative spatial locations of words (Katayama &
Robinson, 2000). For the purposes of the present study, graphic organizers will be
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considered to be a broad class of mostly non-linear organizers that include concept maps,
information grids, semantic maps, knowledge maps, and Venn diagrams, to name a few
common examples.
Most often, concept maps are referred to as concept maps, semantic maps, or
knowledge maps. Many researchers use the terms interchangeably or refer to knowledge
maps as a subset of concept maps. One minor distinction some have made is that
knowledge maps are more constricted in their creation; an example of one type of
restraint placed on knowledge maps is limiting link labels to a set of predetermined
options (e.g., “P” for “part of” or “C” for “characteristic of”; Gowda, Baker, Pardos, &
Heffernan, 2011; Lambiotte & Dansereau, 1992; McCagg & Dansereau, 1991;
Wiegmann et al., 1992). For the purposes of the current research, a concept map will be
defined as a graphic organizer with labeled nodes and directional, labeled links.
We know that concept maps and related graphic organizers help students in an
educational setting (Chmielewski & Dansereau, 1998; e.g., Gowda et al., 2011; Hall,
Hall, & Saling, 1999; Hall & O'Donnell, 1996; Rewey, Dansereau, & Peel, 1991; Rewey
et al., 1989). Lambiotte and Dansereau (1992) point out some of the promoting features
of concept maps, namely that the nonlinear layout allows the student to quickly take in a
large amount of information rather than having to find main ideas within a text. They go
on to point out that the labeling of links is another strong advantage of the concept map
since students are not left to imply relationships. A beneficial feature of relationship links
is that a single concept can be connected to multiple other concepts, while in text, the
ability to link concepts is constrained (i.e., in text you cannot simultaneously connect four
different concepts without sacrificing clarity).
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One well replicated effect with concept maps is the tendency for learners with low
verbal ability and/or low prior knowledge to gain relatively more from the use of concept
maps than students classified as having high verbal ability/ high prior knowledge (e.g.,
Barideaux Jr., Maass, & Pavlik Jr., 2013; Lambiotte & Dansereau, 1992; Nesbit &
Adesope, 2006; O'Donnell et al., 2002; Patterson et al., 1993; Stensvold & Wilson, 1990;
Wiegmann et al., 1992). This may be due to low verbal ability students struggling to
process all of the information presented in plain text, whereas concept maps provide these
students with the main ideas already highlighted (through the inherent segmenting of
main concepts into nodes). This allows the low verbal ability students to rely more on
their spatial abilities than on their verbal abilities. O'Donnell et al. (2002) suggest that
using concept maps as a learning tool may reduce the cognitive load of low verbal ability
students simply due to having less words on the maps (versus text). Also, they suggest
that maps allow low verbal ability students easier identification of superordinate and
subordinate ideas. Some studies have even found that high prior knowledge students
performed worse when using concept maps than when using a list of key terms as a study
aid (Lambiotte & Dansereau, 1992).
One important theory supporting work with concept maps is Paivio’s dual coding
theory (Paivio, 1974, 1991). Paivio theorized that learning could be improved by
studying material presented in both verbal and spatial / visual displays, since his research
showed that people use both verbal and visual representations, and that their effects were
additive. It has been suggested that creating a concept map (or viewing a provided map)
along with studying text or listening to spoken lectures will support dual-coding
(Adesope, 2005). Concept maps allow students to study the spatial display which lowers
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the likelihood of overloading the verbal channel. Adesope (2005) also suggests that
another benefit of concept mapping in regards to dual coding is that “concept maps may
require translation between visual and verbal information and thus promote cognitive
processing” (p 13).
The Continuum of Concept Mapping Instructional Use
Concept maps are widely used in research laboratories and classrooms. . In both
arenas, concept maps are utilized in a wide variety of ways. This spectrum of
instructional use for concept maps includes providing concept maps to students as an
advance organizer to preview material that is to be taught (e.g., Willerman & Mac Harg,
1991), as a method of assessing student learning (e.g., Shavelson, Lang, & Lewin, 1994;
Zeilik et al., 1997), and as a measurement of the student’s ability to synthesize
information across lectures or lessons (e.g., All & Huycke, 2007). Concept maps can also
be used in more of a cumulative manner in which students continuously adjust their maps
throughout a semester in order to incorporate more information as it is learned. This use
of concept maps provides teachers with a visualization of how students are constructing
their knowledge and how that organization changes over time (e.g., All & Huycke, 2007).
Sometimes in classrooms, professors ask students to take notes from lectures using a
concept map or other graphic organizer format (e.g., Kaivola & Lokki, 2010). Although
there have been mixed results with CMBNT during lectures, a suggested explanation is
that creating a map from scratch may create a cognitive overload for the students due to
the pace of the lecture interacting with the difficulty of creating a concept map (Kaivola
& Lokki, 2010).
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CMBNT is only one technique that students may use when taking notes. More
traditional formats tend to have linear, text-based approaches to their organization (e.g.,
an outline). Regardless of the format, taking notes is often a large part of being a student,
whether it is from a lecture during class or from a textbook at home. From past research
we know two things in regards to students’ note taking behaviors: taking notes along with
reading a text or listening to a lecture is beneficial to students’ posttest performance
(Austin, Lee, & Carr, 2004; Baker & Lombardi, 1985; Barnett, Di Vesta, & Rogozinski,
1981), and students often fail to capture the key ideas in their notes, which lowers their
effectiveness (Austin et al., 2004; Baker & Lombardi, 1985; Foos, Mora, & Tkacz, 1994).
Positive results of note taking are not consistent across the literature, however.
Some studies have seen positive results, (e.g., Di Vesta & Gray, 1972; Fisher & Harris,
1973), while other studies have not shown a benefit of note taking (e.g., Eisner & Rohde,
1959; Peters, 1972). Foos et al. (1994) suggest that the reason for this discrepancy may be
due to the way that the posttests in these studies are designed. They argue that most
posttest measures in note taking studies do not differentiate between items that are
included in the notes (main ideas) and those that are not included in the notes (detail
ideas). In other words, perhaps these studies would have seen positive results of note
taking, but only for posttest items that referred to main ideas.
As previously mentioned, students have been shown to struggle with taking
effective notes (i.e., covering the ideas essential to understanding the material at hand)
whether it be from lectures or from text. Research suggests that on average, students are
recording less than 25% of the main ideas from lectures (Baker & Lombardi, 1985), and
about 33% of the main ideas from text (Foos et al., 1994). When left to their own devices,
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it appears that students fail to capture a large portion of the main ideas; to alleviate this,
one option is to provide students with pre-prepared notes or teacher-generated concept
maps. Providing students with a pre-prepared concept map may reduce the cognitive load
required to create a concept map from scratch, without any aid. However, some
researchers have suggested that providing pre-filled in concept maps defeats their main
strength, namely, the metacognitive benefit students receive by generating the map
themselves in order to identify and structure their own understanding (Cañas et al., 2010).
Either providing a map to students or having students generate their own maps
without help are two extremes of the assistance dilemma. The assistance dilemma refers
to the need to balance the amount and/or kind of assistance we offer to (or withhold from)
students to achieve optimal learning (Koedinger & Aleven, 2007; Koedinger, Pavlik Jr.,
McLaren, & Aleven, 2008). There is no absolute answer to this question, since providing
too little help (e.g., students generating their own maps without assistance) can cause
students to flounder, while providing too much help (e.g., providing a fully prepared
map) can become a “crutch” for the student (Koedinger et al., 2008). Providing partial
scaffolding to students may offer a suitable compromise in this assistance dilemma.
One type of partial scaffolding that is sometimes used in note taking is guided
notes, which offer partial or incomplete notes to aid students. Several studies have found
that guided notes can be a good compromise between too little and too much assistance
during note taking (e.g., Austin et al., 2004; Barbetta & Skaruppa, 1995; Hamilton,
Seibert, Gardner, & Talbert-Johnson, 2000). Guided notes have the benefit of allowing
students to engage with the material while still providing some level of scaffolding,
placing them in the middle ground of the assistance dilemma. Guided (i.e., partial) notes
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may be in the form of a concept map or other graphic organizer. An experiment by Chang
et al. (2001) focused on the effects of students filling in partial concept maps through a
computer interface. Two computer-based learning conditions were tested against a paper
and pencil, create from scratch concept mapping condition. The computer-based
scaffolding condition provided students with a partial concept map with some nodes and
links blank for the students to fill in. The computer-based create from scratch condition
provided students with a blank canvas on which to build their map. The only differences
between this condition and the paper-and-pencil create from scratch condition was the
presence of the computer interface, including node and link lists, hints, and concept map
evaluations. After controlling for the influence of prior knowledge (measured though
pretest scores), there was a significant difference between the posttest scores of the three
groups, with the computer-based scaffolding (i.e., partial concept map) condition
significantly outperforming the other two create from scratch conditions. It is important
to note that the computer-based scaffolding condition offered additional assistance,
besides the partial concept map (i.e., hints and concept map evaluations). Therefore, the
benefit seen in this condition may not solely be due to providing a partial map, but may
due to a very high level of assistance overall. One note to make about the concept
mapping system utilized by Chang et al. (2001) was the nature of the hints provided to
students. The hints provided students with a partial proposition such as “Meiosis results
in _____,” leaving the second node to be filled in by the student. By always providing the
links in these hints, and asking the student to only generate the second node, the students
had fewer opportunities to generate their own links, and the potential importance of the
links was devaluated.
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Another experiment showing strong support for the use of partial graphic
organizers was conducted by Katayama and Robinson (2000) in which, similar to the
current work, students were taking notes with partial graphic organizers. The use of
graphic organizers as opposed to concept maps is one of the key differences between
their work and the current experiment. Specifically, the graphic organizers used in their
work essentially had students generating sentence-type nodes (i.e., there was no explicit
separation between concepts and relationships), unlike the experimental materials in the
current work, which make a clear distinction between concepts (nodes) and relationships
(links) in order to examine their distinct effects. The Katayama and Robinson (2000)
experiment was a 2 (graphic organizer or outline) x 3 (complete, partial, or skeletal)
design. Participants read a chapter-length text (3,500 words) and studied or took notes
with a complete or partially filled out graphic organizer or outline. The purpose of the
partial graphic organizers / outlines was to decrease the amount of cognitive load on the
students that is required when creating a graphic organizer or outline from scratch. For
the application portion of the posttest, significant benefits were seen for note taking with
graphic organizers (over outlines) and for providing partial (rather than complete or
skeletal) notes. In an extension of the work done by Katayama and Robinson (2000),
Robinson et al. (2006) successfully replicated the original work in a classroom (rather
than a lab) setting. In three quasi-experiments and one true experiment, an advantage was
seen for the partial notes group. The aforementioned studies provide strong, replicated
support for the notion that partial notes (specifically in the form of graphic organizers)
may provide an effective level of cognitive load, benefiting learning.
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Taking a Closer Look at the Nodes and Links
Since nodes and links within concept maps represent different types of
information, either concepts or relationships, it seems as though generating one or the
other would offer different learning advantages (or disadvantages). How would learning
be different if students allocated their time generating only concepts or only relationships
within a topic? Only a handful of studies have given separate attention to the nodes and
links to see if there is a differential effect of generating them. In a few studies where
students were editing or creating their own concept maps, results have shown that the
number of valid links a student creates (Stensvold & Wilson, 1990) or the number of link
corrections a student makes (Roscoe, Segedy, Sulcer, Jeong, & Biswas, 2012), is a better
predictor of posttest performance than the number of valid nodes constructed or edited.
These results may suggest that the generation of links plays more of a role in learning
than the generation of nodes. Based on these results, some researchers have suggested
that concept map instructions should focus students’ attention more on the relationships
between concepts, rather than on the individual concepts or terms (Stensvold & Wilson,
1990).
A study by Wiegmann et al. (1992) investigated the effect of different link-types
(embellished and unembellished) on knowledge acquisition. An embellished link
contained arrowheads, labels, and configural information / shape (i.e., barbed or solid
lines). Unembellished links were straight lines without any of the three embellishments.
Students were randomly assigned to study a concept map with embellished or
unembellished links. Results indicated that the different types of links did impact
performance, depending on the verbal ability of the student; embellished links aided
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performance for the high verbal ability students and impeded performance for low verbal
ability students. On the other hand, the unembellished links appeared to be beneficial for
the low verbal ability students while leading to lowered performance from the high verbal
ability students. In other words, more detailed relational information was beneficial for
those with high verbal ability, while less detailed relational information was beneficial
for those with low verbal ability. This suggests that generating links, or at least
processing more relational information, may only be beneficial under certain
circumstances or for certain individuals..
The Present Study
The current research will address the minimal amount of evidence based research
into the factors of a concept map that mediate concept maps’ effect on performance. This
work seeks to further explore the mechanics of concept mapping as a learning technique
to determine specifically what kinds of CMBNT activities lead to the greatest learning
gains and transfer. The factors of interest are the effect of note taking with concept maps,
the benefit of different levels of scaffolding during study/note taking, and more
specifically, the effect of generating the links of a concept map during note taking. The
results from this study could inform educators as to specifically how to implement
concept mapping tasks in their classrooms. This work may also give insight more
generally into what areas of knowledge (conceptual or relational/structural aspects)
should be given the most attention in order to promote deeper learning and transfer.
In regards to the generation of nodes and links, I hypothesize that the nodes will
not play a significant part in note taking, but rather, that there will be a significant
difference between generating and being provided the links during note taking. This is
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supported by previous work that suggested links may play a more important role than
nodes (Roscoe et al., 2012). In terms of the effectiveness of note taking and level of
scaffolding, I hypothesize that taking notes will be more effective than studying a fully
provided set of notes (in the form of a concept map). This hypothesis is supported by a
meta-analysis by Nesbit and Adesope (2006) which reported a small effect size for
conditions in which students were studying concept maps (.373; SE = .040) and a large
effect size for conditions in which students were creating or modifying concept maps
(.819; SE =.039). I also hypothesize that out of those taking notes, the students who
receive partial scaffolding during note taking will outperform those who do not receive
scaffolding during note taking. This hypothesis is supported by many previous studies
discussed above (Chang et al., 2001; Derbentseva, Safayeni, & Cañas, 2004; Robinson et
al., 2006) which suggest that cognitive load is reduced to an optimal level when such
scaffolding is provided.
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Chapter 2
Methods
Participants
Ninety undergraduate students from a public, Southeastern University participated
in the experiment. Fifty-two students participated for course credit, recruited through the
psychology subject pool system, and 38 undergraduate students were recruited outside of
the subject pool system and received $10 for completing the experiment. The data from
four participants (all recruited from the subject pool) was not analyzed due to those
students failing to follow instructions three or more times through the experiment (e.g.,
interacting with their cell phones, not reading the instructional materials, and taking notes
in an outline structure), resulting in a sample of n = 86 (57 females, 29 males).
Participants’ ages ranged from 18 to 31 years of age (M = 20.47, SD = 2.36).
Design
The experiment was a 2 (Nodes: generated by student, provided to student) x 2
(Links: generated by student, provided to student) between subjects factorial design.
Therefore, the four conditions were students taking notes by: generating all of the map
(nodes generated by student, links generated by student), generating only the nodes of a
map (nodes generated by student, links provided to student), generating only the links of
a map (nodes provided, links generated), or studying a fully provided map with no note
taking (nodes provided, links provided). The two conditions in which students were
generating only nodes or only links are referred to as partial maps, since the student is
only generating part of a map. The dependent measure, learning, was measured through a
posttest consisting with three assessment types: free recall of facts, conceptual and
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relational fill in the blank items, and inference and analogy multiple choice items. The
free recall task tested the student’s ability to reconstruct in their own words, what they
learned from the experimental material. The fill in the blank items tested the student’s
ability to recall both conceptual (i.e., node) and relational (i.e., link) facts from the text.
The inference and analogy multiple choice questions tested the student’s ability to apply
the knowledge they gained in new, more applied contexts; these multiple choice items
offer more insight into the strength and complexity of the mental model the student
constructed during the experiment. A pretest measured a general prior knowledge
covariate. The participants’ ACT scores were also obtained as an additional measure of
prior academic achievement. In order to understand the mental processes involved in the
experimental learning tasks, the following process measures were obtained: note
accuracy score, review score, note taking time on task, review activity time on task, and
strategy use. Specific predictions for the hypotheses of the current experiment are
outlined below.
1. Nodes: There will not be a significant difference between generating or being
provided nodes.
2. Links: Generating the links of a concept map will lead to better posttest
performance than being provided the links, especially for the multiple choice
assessment, which measures transfer.
3. Note Taking: There will be a significant difference between the condition in
which both links and nodes are provided, and the other three active note taking
conditions.
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4. Scaffolding: Those who take partial notes (i.e., receive partial scaffolding) will
outperform those who had no assistance during note taking (i.e., students who
generated both nodes and links).
Materials
Text. The participants studied the topic of typical weather patterns in the
Equatorial Pacific. This text was modified from an expert-created text on El Niño
weather patterns (Braasch & Goldman, 2010). The text for this experiment consisted of
the first portion of the original text, which described typical weather patterns (the original
text then continues with a description of how El Niño disrupts these typical patterns).
This modified text was 580 words in length, including the title and subheadings. Besides
shortening the text, other modifications made to the original version were: 1) the removal
of the analogical explanations of weather phenomenon to be used for the creation of
novel posttest analogy questions, 2) the removal of certain sentences to be used for the
creation of novel posttest inference questions, and 3) removal of portions deemed to be
extraneous or unnecessary to reduce complexity and text length. For a clarification of
what was modified from the original text and the resulting experimental text, please see
Appendices A and B.
Concept Map. Two graduate students familiar with this line of research created
the concept map for this experiment. These two students individually created their own
concept maps from the text, and then came to a mutual decision as to how to combine the
maps to best capture the main ideas of the text. The process of creating the concept map
was taken from suggestions of fellow researchers (Novak & Cañas, 2008). The process
involved creating a “parking lot” of major concepts from the topic and forming a focus

17

question for the map to answer (in this case the agreed upon focus question is “What are
the typical weather patterns in the Equatorial Pacific?”). Next, the concepts were laid out
with similar ones grouped closer to each other, after which the relationship links were
drawn in. Lastly, the map was restructured to increase readability and aesthetics. Final
alterations were made to the concept map after reviewing participant-generated maps
created during pilot testing. See Appendix C for the resulting concept map stimuli.
Concept Map Training Materials. The concept map training materials, given to
the students prior to the start of the experiment, included descriptions of what a concept
map is, how to read one, how to create one, and three popular forms that a concept map
may take (hierarchical, radial, and cyclical). Providing participants with this type of
background information for concept maps has been suggested by previous researchers
(O'Donnell et al., 2002). The complete set of concept map training materials and
instructions given to the participant are attached in Appendix D.
Word Search Filler Tasks. The two word searches used as filler tasks were on a
random, unrelated topic (e.g., including words such as baseball, friends, handstand,
pencil, etc.).
Pretest. Eight questions for the pretest were taken from a bank of questions from
multiple state tests and practice tests related to weather and ocean environments. Topics
for this pretest were ocean life (5 questions), the water cycle (2), and air/atmosphere (1).
See Appendix E for the pretest items.
Posttest. The posttest consisted of three types of assessments: 1) free recall of
facts, 2) node and link fill-in-the-blank questions, and 3) inference and analogy multiple
choice questions. To avoid cueing or carry over effects across sections, the order of these
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sections were given to participants as they are listed above; i.e., the sections were in order
of the amount of retrieval cues provided to participants. Participants provided a
confidence rating for each item of the fill in the blank and multiple choice assessments.
Participants also provided an overall confidence rating for their free recall response.
Participants were not able to return to a section once they completed it and moved on to
the next section.
The information contained within the text was reduced to simple declarative facts.
Those facts were used for the fill in the blank items, with either a conceptual word phrase
(i.e., noun) or a relational word phrase (i.e., verb) left blank for the student to fill in. A
total of 33 facts were extracted from the text, 13 of which were deemed unsuitably
undifferentiated as fill in the blank items because their linking phrase was a form of
either “is” or “has.” The remaining 20 facts utilized as fill in the blank items were half
main ideas (facts contained within the concept map) and half detail ideas (facts contained
only within the text). Two forms were created for the main idea items. For Form A, five
of the 10 facts were randomly selected to be link items (leaving the remaining five facts
to be node items). Form B was counterbalanced so that the five facts that were link items
in Form A would be node items in Form B. The same process was completed for the ten
detail ideas, resulting in two more forms. Figure 1 illustrates the items included in each
form and a grid of possible form combinations for the fill in the blank portion of the
posttest. See Appendix F for the complete posttest.
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Figure 1. Illustration of fill in the blank assessment counterbalancing procedure. Key:
“L” = link item; “N” = node item; ## = fact number. Example, “L9” = fact number 9 is a
link item.

The next assessment was inference and analogy questions, both in multiple choice
format. A total of four inference questions and three analogy questions were created. An
example of an inference question used in experiment is:
As a result of the cycle of upwelling in the Eastern Pacific, which of the following
is true?
A) There is an increased chance of evaporation in the Eastern Pacific.
B) In the Eastern Pacific, warm water is closer to the surface than it is in
the Eastern Pacific.
C) There is an increased chance of precipitation in the Eastern Pacific.
D) In the Eastern Pacific, cold water is closer to the surface than it is in the
Western Pacific.*
This item was considered an inference item because the question and answer were
novel to the participant (i.e., the text did not explicitly contain this fact), and the
participant must have made the inference by combining multiple ideas or facts from the
text. The analogical questions were created based on the analogical explanations that
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were removed from the original text. An example of an analogy question used in the
experiment is:
The cause of the movement of surface water is most similar to which of the
following?
A) The air blowing out of a balloon and blowing an object in its path
because it involves air moving an object*
B) Blowing air into a balloon because it involves the forceful movement
of air
C) Popping a balloon because it involves the release of air
D) Filling up a balloon with water because it involves the movement of
water
Procedure
An outline of the experimental procedure is provided below, followed by more
detailed explanations of each phase.
1. Concept map training (approximately 4 min.)
2. Pretest (approximately 5 min.)
2. Learning phase (maximum of 15 min.)
3 Filler task (3 min.)
4. Review activity (maximum of 8 min.)
5. Filler task (3 min.)
6. Posttest phase (approximately 15 min.)
Participants began the experiment by giving their consent to participate after
reading the informed consent document. The participants then read the concept map
training materials on the computer. All portions that take place on the computer were
hosted through an online survey service called Qualtrics (http://www.qualtrics.com/). The
next portion of the experiment consisted of the pretest, completed on the computer, which
took participants approximately five min., although no time restrictions were placed on
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participants for this section. Once the participants finished the pretest, they moved on to
the learning phase of the experiment in which they were asked to read and take notes on
the text. The text was provided to the participant on the computer screen. At this point,
the experimenter handed the participant the note taking paper. For every condition, the
note taking occurred in paper and pencil format. Participants had up to 15 min. for this
phase. A timer was provided on the computer screen. The experimenter instructed
participants to click to continue to the next section if they finished before 15 min. passed.
Participants who had both nodes and links provided were instructed to study the map in
addition to the text during this section. Since this was a non-generative condition, the
participants were instructed not to take any notes on the provided concept map.
After the learning phase, the experimenter collected the notes and the participant
completed a paper and pencil word search filler task for three min., after which the
computer automatically advanced to the next page. At this point, the experimenter
removed the word search puzzle and replaced it with the review activity paper. For this
activity, the participants received the same concept map format they had earlier for note
taking during the learning phase. For example, those who took notes from the text by
generating only links previously, were provided with the same partial map missing its
links and were asked to fill in as many of the links as they remembered from their notes.
Those who had nodes and links provided, were provided with the same map to review.
Those who generated their own map without anything provided during the learning
portion were asked to recreate their map from memory. For this review activity, students
were given up to eight minutes; a timer was provided on the computer screen. Again, the
students were able to continue to the next portion when they were done, or else the page
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automatically advanced when the eight minutes had passed. The review activity was
implemented to increase the students’ interaction with the material, and in the three
generative conditions, as retrieval practice. The testing effect (i.e., retrieval practice) has
been shown to greatly increase recall (e.g., Karpicke & Roediger, 2008), and although the
benefit is greater when students have repeated trials, research has shown that even a
single retrieval practice can increase recall (Carpenter & DeLosh, 2005).
After the review activity, the students completed another word search filler task
for three minutes. Following the filler task, students began the posttest, which consisted
of three assessments in the following order: free recall, fill-in-the-blank, and multiple
choice questions. The posttest items are described in detail above. The posttest took place
on the computer and was not timed. At the end of the posttest, participants filled out a
brief survey including questions about demographic information, strategy use, and prior
experience with concept mapping in an educational setting.
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Chapter 3
Results
Scoring Dependent Measures
For the first posttest assessment, the free recall, participants’ responses were
scored by two independent raters, blind to condition. Participants’ free recalls were
separated into simple declarative statements; therefore each participant had a list of
potential facts to be scored. Each statement contained in the participants’ free recalls was
scored as either inaccurate or accurate. An inaccurate fact was any statement that was
referenced within (or implied from) the text, but was written inaccurately by the
participant (e.g., “wind blows from east to west” written as “wind blows from west to
east”). If any part of the statement was incorrect, it was categorized as an inaccurate fact.
A correct fact was a statement that was referenced within (or implied from) the text and
was written accurately by the student. Statements that were classified as accurate were
then scored with 1 or 2 points. A score of 2 indicated a full and completely accurate fact.
A score of 1 indicated an incomplete or vague fact. Each participant’s free recall score
was the sum of points given for accurate facts. For all analyses, this raw score was
transformed using a natural log function to achieve a more normal distribution.
For the fill in the blank assessment, responses were again scored by two trained
raters, blind to condition. Responses received a score of 0 (incorrect), 0.5 (correct;
loosely matches text), or 1 (correct; directly matches text), resulting in a maximum score
of 20 points for this section. Raw scores for this section were converted to percentages
correct for all analyses. The multiple choice items were scored as correct or incorrect and
were also converted to percentages for all analyses. Cohen’s kappa (κ) was used as a
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measure of inter-rater reliability for each portion that involved human scoring. High
inter-rater agreement was reached for both portions of the posttest; Table 1 provides the
Kappa statistics for each portion involving human raters.
Scoring Process Measures
In order to investigate some of the processes involved during learning, the
following process measures were obtained: note accuracy score, review score, note taking
time on task, review activity time on task, and strategy use. The note accuracy and review
scores for the two partial map conditions were measured by the number of textreferenced propositions within the maps. For the maps that were generated completely by
the students, the note accuracy and review scores were measured using a pre-developed
semantic quality scoring rubric which assess concept maps based on six criterion: concept
relevance and completeness, propositions as “semantic units,” erroneous propositions,
dynamic propositions, quantity and quality of cross-links, and presence of cycles (Miller
& Cañas, 2008). See Appendix G for a breakdown of the semantic scoring rubric. Table 1
provides the inter-rater reliability. Since the note taking and review scores for the partial
maps was in a different scale than the note taking and review scores for the fully studentgenerated maps, each were converted to z-scores within condition. There was no note
accuracy or review score for the participants who were provided nodes and links because
the participants did not contribute to those maps. The times on tasks for note taking and
review were recorded through the internet program which hosted the materials. Lastly,
strategy use was measured as a categorical variable obtained through a survey item.
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Table 1
Inter-rater Reliability (Kappa; κ) and Confidence Intervals (CI)
Section
Scoring Type
κ
Posttest Performance
Free Recall
.902
Measure
Fill in the Blank
.908
Process Measure for
Partially Generated
Maps

Text-referenced
Link Count
Text-referenced
Node Count

95% CI
.831 - .973
.871 - .945

.879

.813 - .945

.865

.792 - .939

Criterion 1
.898
.764 – 1.00
Criterion 2
.869
.732 – 1.00
Criterion 3
.867
.686 – 1.00
Criterion 4
.901
.795 – 1.00
Criterion 5
.799
.554 – 1.00
Criterion 6
.773
.474 – 1.00
Note. The six criteria for measuring the fully generated concept maps was developed by
Miller and Cañas (2008). For the full scoring rubric with descriptions, see Appendix G.
Process Measure for
Fully Generated Maps

Analyses1
The first two hypotheses for the current experiment were that generating nodes
would not lead to significantly different posttest performance than having nodes
provided, and that generating links would lead to better performance than being provided
links. To test these hypotheses we used a 2 (Nodes: generated by the student, provided to
the student) x 2 (Links: generated by the student, provided to the student) x 3
(Assessment Type: free recall, fill in the blank, multiple choice)2 repeated measures
analysis of covariance (ANCOVA), with pretest score and note taking time on task
covariates. The Nodes and Links factors were between-subjects, and the assessment type
1

Non-significant statistics are not reported.

2

This primary analysis, as well as all others to follow, were also run with the addition of
recruitment source (subject pool or paid) as another between subjects factor, Since recruitment
source did not achieve, or approach, significance in any analysis, it was removed from all tests.
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factor was the within subjects (i.e., repeated measure) factor. Since the assessment types
used different scales, all were converted to z-scores to enable comparison between the
posttest assessments. As mentioned previously, free recall scores were transformed using
the natural log function to achieve a more normal distribution, prior to conversion to zscores.
Pretest was used as a covariate for all analyses to control for prior knowledge.
The average pretest score (percentage correct) was .53 (SD = .22). Time on task for the
note taking portion was used as a covariate to control for potential motivational
differences between students. Note taking time on task was normalized within condition
(z-scored) to reduce the variation caused by different difficulty levels between conditions.
Henceforth, the term “time on task”, if devoid of qualifiers, will refer to the normalized
time on task for the note taking portion of the experiment. The average z-scores of each
assessment type, by condition, are provided in Table 2.
Pretest score and time on task were both significant covariates, F (1, 80) = 42.46,
p < .001, ηp 2= .347, and F (1, 80) = 10.51, p = .002, ηp 2 = .116, respectively. The
interaction between pretest and assessment type3 was also significant, F (2, 79) = 5.42,
p = .01, ηp 2 = .121, as well as the interaction between time on task and assessment type,
F (2, 79) = 4.07, p = .02, ηp 2 = .093.
There was a significant main effect of generating nodes, F (1, 80) = 6.03, p = .02,
ηp 2 = .070, such that generating nodes during note taking and review led to lower overall

3

Since the assessment type factor violated the assumption of sphericity, all analyses
involving assessment type used the Pillai's Trace multivariate test, which does not assume
sphericity, to test within-subjects effects.
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posttest scores (M = -.18, SD = .76) than being provided nodes (M = .17, SD = .87). No
other effects were significant.

Table 2
Posttest Z-score Means and Standard Deviations (SD) for Each Condition
Posttest Assessment
Free Recall
Fill in the Blank
Multiple Choice
Condition
M
SD
M
SD
M
SD
Fully Provided
.356 1.01
-.0008
1.06
.36
1.06
Generate Only Nodes
-.29
.94
-.08
.79
-.27
.93
Generate Only Links
.18
1.05
.25
1.06
-.10
.95
Fully Generated
-.26
.90
-.18
1.07
.0006
1.02
Note. Free recall is the natural log transformation, z-scored

Since the multiple choice assessment, consisting of inference and analogy items,
was used as a measure of transfer, rather than verbatim recall or recognition, a second,
separate analysis was run for this posttest assessment.4 The multiple choice scores, which
were entered as percentages correct for this analysis ranged from .00 to 1.00 with an
average score of .44 (SD = .25). Another repeated measures ANCOVA was conducted,
entered as a 2 (Nodes: generated by the student, provided to the student) x 2 (Links:
generated by the student, provided to the student) x 2 (Item type: inference, analogy) with
pretest score and time on task as covariates. The item type, inference and analogy, was
the repeated measure for this analysis. Only pretest score was a significant covariate, F
(1, 80) = 6.63, p = .01, ηp 2 = .076. There were no significant main effects, but there was a
significant interaction between generating nodes and generating links, F (1, 80) = 4.71, p
= .03, ηp 2 = .056.
4

Separate analyses were also run for the free recall and fill in the blank assessments, but
are not included as no additional interesting results, or significant anomalies, were obtained.
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Univariate tests further revealed that when links were generated by the student,
there was not a significant effect of generating nodes, F (1, 80) = .57, p = .45. However,
if the students were being provided links, generating nodes had a significant negative
impact, F (1, 80) = 5.44, p = .02, ηp 2 = .064. As seen in Figure 2, average percentage
correct scores for the multiple choice assessment (collapsed across item type) were in the
following order: participants who were provided both nodes and links (M = .53, SD =
.27), participants who generated both nodes and links (M = .44, SD = .26), participants
who generated only links (M = .41, SD = .24), and participants who generated only nodes
(M = .37, SD = .23).

0.55

0.53

0.5
Percent
Correct 0.45

0.44

0.4

0.41

Nodes
Generated
Nodes
Provided
0.37

0.35
0.3
Links Generated

Links Provided
Links

Figure 2. Nodes by Links interaction for the multiple choice posttest, collapsed across
both the analogy and inference item types.

There was also significant interaction between generating links and item type, F
(1, 80) = 4.80, p = .03, ηp 2 = .057, revealing that students who generated links of a
concept map performed better on the inference multiple choice items than on the analogy
items. However, the opposite was true for students who were provided links during note
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taking. This interaction is displayed in Figure 3. However, further investigation using
pairwise comparisons indicated no significant simple effects. It is possible that this result
is due to the limited number (and perhaps quality) of the multiple choice items.

0.55
0.5

0.5

Inference

0.46
0.45
Percent
Correct

Analogy
0.41

0.4
0.35

0.37

0.3
Links Generated

Links Provided
Links

Figure 3. Links by item type (inference and analogy) interaction for the multiple choice
assessment.

A third analysis was conducted to test the third and fourth hypotheses, that
participants who took their own notes would outperform participants who studied
experimenter-generated notes, and that those taking partial notes (i.e., partial scaffolding)
would have the best performance. For this analysis, the conditions in which students were
generating only nodes or generating only links were combined (i.e., collapsed) into a
“partially generated” map group. Comparing those who generated part of the map (either
nodes or links) with the other conditions offered a view of three levels of the scaffolding
spectrum. Also, comparing the fully provided map (no active note taking) with the partial
and fully generated groups allowed us to investigate the effect of generative note taking.
A 3 (Concept Map: Fully generated, Partially generated, Fully provided) x 3 (Assessment
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type: free recall, fill in the blank, multiple choice) repeated measures ANCOVA tested
these note taking and scaffolding hypotheses. As with the first analysis, the scores for
each of the assessment types were entered as z-scores. Again, pretest and time on task
were used as covariates, and assessment type was the within-subjects factor.
The two covariates, pretest and time on task, were both significant, F (1, 81) =
37.85, p < .001, ηp 2 = .318, and F (1, 81) = 10.22, p = .002, ηp 2 = .112, respectively.
There was a significant main effect of assessment type, F (2, 80) = 5.62, p = .01, ηp 2 =
.123. Assessment type also significantly interacted with each of the covariates: pretest, F
(2, 80) = 5.37, p = .01, ηp 2 = .118, and time on task, F (2, 80) = 4.11, p = .02, ηp 2 = .093.
The interaction between concept map type and assessment type was significant, F
(4,162) = 2.92, p = .02, ηp 2 = .067. Pairwise comparisons within each assessment section
revealed that the effect was driven by the fully provided condition, in the free recall and
multiple choice assessments. More specifically, the fully provided concept map group
scored significantly higher than the partially generated group on free recall, with a zscore mean difference of .46, p = .035, and on multiple choice, with a z-score mean
difference of .58, p = .02. The fully provided group also scored significantly higher than
the fully generated group on free recall, a z-score mean difference of .46, p = .06. No
other pairwise comparisons were significant.
An analysis of the confidence ratings provided for each posttest item mirrored the
performance results presented thus far. After each question on the posttest, participants
answered a Likert scale item about how much they agreed with the statement, “I am
confident with the answer I gave to the above question” ranging from 1 (strongly
disagree) to 5 (strongly agree). Participants’ average confidence rating for each
5

Least Significant Differences (LSD)
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assessment portion was calculated. Since the free recall assessment had a single
confidence rating, the “average” for this section was the single value the participant
selected. A 2 (Nodes: generated by student, provided to student) x 2 (Links: generated by
student, provided to student) x 3 (Assessment type: free recall, fill in the blank, multiple
choice) design, with pretest score and time on task for note taking as covariates, tested
the effect of condition on confidence. Again, assessment type was the repeated measures
factor.
Only pretest score was a significant covariate, F (1, 80) = 8.80, p = .004, ηp 2 =
.099. There was a significant main effect of generating nodes, F (1, 80) = 9.12, p = .01,
ηp 2 = .075; those participants who generated nodes on a concept map during note taking
and review had lower overall confidence ratings across the posttest sections (M = 3.14,
SD = .65) than those who were provided nodes (M = 3.53, SD = .76). Additional
information is provided by a significant three way interaction between generating nodes,
generating links, and assessment type, F (2, 79) = 6.60, p = .002, ηp 2 = .143. Individual
one way ANCOVA’s for each assessment revealed that the interaction between
generating nodes and generating links was only significant for the free recall confidence
ratings, F (1, 80) = 5.21, p = .03, ηp 2 = .061. Further analysis of the simple effects
revealed that when students were provided links, there was a significant effect of
generating nodes, F (1, 80) = 7.60, p = .007, ηp 2 = .09. Those who generated nodes (when
links were provided) indicated significantly lower free recall confidence ratings (M =
3.14, SD = .91) than those who were provided nodes (when links were provided; M =
3.86, SD = .94). On the other hand, when links were generated by the student, there was
not a significant difference between those who also generated nodes and those who were
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provided nodes. This interaction between generating nodes and links for the free recall
confidence ratings is illustrated in Figure 4. The other two simple interactions between
generating nodes and generating links in the fill in the blank and multiple choice
assessments did not approach statistical significance.
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Figure 4. Graph of the interaction between generating nodes and generating links on
students’ free recall confidence ratings.

Lastly, a multiple regression used the process measures (e.g., note taking time on
task; note taking concept map score; review concept map score; and Likert survey items
regarding the difficulty of the text, the difficulty of the note taking task, the difficulty of
the review activity, participants’ familiarity with concept maps used in a school setting,
participants’ familiarity with concept maps used specifically for note taking) as predictors
of total posttest score. Total posttest score was the average of the z-scores for each of the
assessment types. Since most process measures (e.g., maps scores and Likert items
regarding difficulty of note taking) were not collected for participants who were provided
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with both nodes and links, those participants were excluded from this analysis, resulting
in a reduced sample size of 64 participants for this regression. The final model explained
58.24% of the total variance, F (3, 60) = 27.89, p < .001 with predictor variables of
concept map score for the review (β = .484, p < .001), pretest score (β = .339, p = .001),
and note taking time on task (β = .181, p = .04).
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Chapter 4
Discussion
To review, the main objectives of this experiment were to explore the benefit of
learning relational versus conceptual properties of a topic, the effectiveness of taking
notes rather than (presumed) passive studying, and the difference between levels of
scaffolding offered during note taking. I predicted that the generation of nodes would not
play a significant role in note taking, generating relationships during note taking would
be especially beneficial to students’ posttest performance, that students who generated
their own notes would have higher posttest scores than students who studied
experimenter-generated notes, and that partial note taking would offer an optimal amount
of scaffolding. These hypotheses were not directly supported. Review of these
hypotheses, and possible explanations as to why the expected results were not found are
discussed in the sections to follow.
The first hypothesis was that there would not be a significant difference between
generating and being provided the nodes. However, there was a consistently significant
benefit of providing students with nodes, in the form of higher posttest scores and
confidence ratings. One explanation is that when students were provided nodes within a
map, they were given the spatial and semantic layout of the material. For example, even
if the relationship was not provided, students would know that the concepts of “Eastern
Pacific” and “high air pressure” were related in some way, since they were connected (or
close to each other) in the map. Similarly, students could see that concepts which were
not near each other on the map were likely not related, at least not in a noteworthy way
since those concepts did not have a link connecting them on the map. In essence in either
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case in which nodes were provided, students were given at least a general view of which
concepts were related (in some way) to each other. Providing nodes gave, at the very
least, the global arrangement of the topic and general placement of the concepts in
relation to each other.. The nodes in this experiment also provided students with the main
ideas of the text, which students often struggle to identify (e.g., Baker & Lombardi,
1985). Studies have found that students tend to record only about a third of the main
ideas from text (Foos et al., 1994). Students who had to generate their own nodes in this
experiment may have struggled to identify which ideas of the text were significant
enough to be included as nodes in the concept map.
Contrary to the second hypothesis of the experiment, that generating links during
note taking would lead to better posttest performance than being provided links, there
was no significant main effect of links in any of the analyses. The links factor (either
being generated or being provided) did not have much of an impact on posttest
performance. The reason there was no significant difference between generating and
being provided links was likely due to the simplicity of the relationships in the
experimental material, with many relationships being descriptive or non-causative (e.g.,
has, is located in). The simple nature of the relationships would make generating a
relationship between the concepts of Eastern Pacific and high air pressure, for example, a
relatively easy task. Through a process of common sense elimination (e.g., “causes” and
“is located in” do not make sense) it would be possible to guess an appropriate link
without ever referring to the text. Therefore, the generating links may have only shallow
processing of those links. Providing students with these simple links would also not
require much processing on the part of the student, again, since the relationships were so
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straightforward. It appears that, to some extent, the helpfulness of the links may depend
on the quality of the relationships within the topic. The benefit of generating links may
also depend on individual differences such as verbal ability; this notion is supported by
similar findings by Wiegmann et al. (1992).
The theory that generating the relationships would encourage the building of a
more interconnected mental model may have been further hindered by the presence of
repeated links. Some relationships were used repeatedly in the text and concept map to
connect different concept pairs (e.g., increased evaporation – causes – increased cloud
formation; air movement – causes – water movement). Such repetition of simple
relationships in a mental model would lead to the activation of multiple unnecessary and
distracting retrieval paths. Students would essentially activate a third of their mental
model with the word “cause,” without much additional information to narrow down the
search. This would be more likely to occur when the information contains mostly surface
level, repetitive relationships. Although the importance of relational information was not
found in this experiment, connective information is nonetheless a crucial aspect of mental
models (Mayer, 1984), and should continue to receive attention in educational research.
The third and fourth hypotheses of the current work were that note taking would
lead to better performance than studying a fully provided map, and specifically, that
partial note taking would lead to better performance than taking fully generated notes.
These hypotheses were based on much previous work showing the benefit of note taking
(Austin et al., 2004; Baker & Lombardi, 1985; Barnett et al., 1981) and the positive effect
of generativity (Slamecka & Graf, 1978). Surprisingly, taking notes did not lead to higher
posttest performance than studying a fully provided set of notes. When comparing
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students who were provided with both nodes and links against those who generated both
nodes and links (the two ends of the note taking/ scaffolding spectrum in this
experiment), we see a clear difference in free recall performance in particular. Students
who took notes by generating both nodes and links had significantly lower performance
on free recall than those who were provided with nodes and link (i.e., did not take notes).
The fully provided group also significantly outperformed those who took partial notes
(i.e., generating either nodes or links) on the free recall and multiple choice assessments.
Not only was taking notes not beneficial, but taking partial notes (i.e., receiving partial
scaffolding) led to the lowest posttest performance. It is interesting that the fully provided
condition outperformed the note taking conditions (on free recall performance), despite
spending less time studying the text and concept map, and not having retrieval practice
during the review activity. In other words, the fully provided condition not only led to
higher posttest performance, but was also the most efficient condition. Although the lack
of retrieval practice did not appear to negatively affect those in the fully provided
condition, the review map score was a significant predictor of posttest performance for
those in the note taking conditions, suggesting that retrieval practice can be advantageous
when implemented.
There are multiple possible explanations for why note taking led to lower posttest
scores. One explanation is that since students were not provided feedback on their notes
in this experiment, those who generated either part of, or all of the concept map, could
have recorded incorrect information. The conditions in which students took notes also
had lower free recall confidence ratings than those who did not take notes. The lower
confidence of students who took notes may suggest that the students were aware of the
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possible inaccuracy of their own notes, and therefore doubted the accuracy of their recall,
whereas those who studied provided notes did not have to question the accuracy. Perhaps
if students had been provided feedback on their notes, we would have seen the predicted
benefit of actively taking notes, or at least an increase in confidence.
Another explanation for the lack of a benefit of CMBNT is that the CMBNT task
imposed high extraneous or non-germane cognitive load. Extraneous cognitive load
refers to unnecessary cognitive load that interferes with the construction of a mental
model due to ineffectively structured learning activities (Paas, Renkl, & Sweller, 2003;
Sweller, 1994). The fully provided condition, which offered the maximum amount of
scaffolding, should have lessened extraneous load and allowed for germane (or helpful)
cognitive load (Koedinger et al., 2008) since more of the student’s efforts could be put
toward studying and incorporating the information into their schemas. A higher amount
of scaffolding is often necessary for students with low prior knowledge (Kalyuga, 2007;
Koedinger et al., 2008; Tobias, 1976). Students with low prior knowledge are essentially
creating their understanding from the ground up, without existing knowledge in which to
ground the new material.
If the students in this experiment did have low prior knowledge, we would have
expected the poorest posttest performance from those students who were given the least
amount of assistance (i.e., the fully generated condition). However, there was no
significant difference in posttest scores between those who received partial scaffolding
and those who generated their own map. One explanation for the partial conditions not
offering the expected assistance during note taking is the overall difficulty of the partial
note taking task in this experiment. Students’ unfamiliarity with the task and its puzzle-
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like and restrictive nature could have created extraneous cognitive load than was
intended. This could have diminished the potential benefit of the scaffolding. The
puzzle-like component of the partial maps likely caused a significant amount of
extraneous cognitive load. This idea is supported by the fact that the two partial
conditions received significantly higher average difficulty ratings than the fully provided
condition (which received the lowest average difficulty rating) in a posttest survey6,
although this cannot be taken as an absolute measure of task difficulty, since the
participants could not make difficulty comparisons between conditions. Part of the reason
for this extraneous puzzle-like component of the partial maps may be that students were
restricted to using the provided layout of the concept map. This also undermines the
benefit of the free form nature of concept mapping. The partial note taking may have also
narrowed students’ attention to individual propositions more so than the other conditions.
Previous work suggests that focusing on specific, isolated portions of a concept map can
be detrimental to comprehending the “big picture” captured by the concept map as a
whole (Roscoe et al., 2012). As these researchers suggest, “As students probed specific
ideas, they may have lost sight of how all of the material fit together in a single,
interconnected system” (p. 293).
General Conclusions and Future Work
There are several practical conclusions that can be gleamed from the current
work, as well as areas in which this research may be improved and expanded upon in the
future. Future concept mapping research (or classroom use) should take into account the

6

A one-way ANOVA revealed a significant difference in difficulty ratings between the
four conditions, F (3, 82) = 3.76, p = .01. Post hoc LSD comparisons indicated that the fully
generated condition received significantly lower difficulty ratings than both the generate only
nodes condition (p = .006) and the generate only links condition (p = .007).
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following findings from the current work: 1) providing a full map (or a high level of
scaffolding) is likely best for students with low prior knowledge, 2) providing (at least
some) nodes may be necessary for effective concept mapping, regardless of prior
knowledge level, and 3) providing feedback (a component missing from the current
experiment) may alleviate some of the students’ note taking difficulties and uncertainties.
One limitation of the current work which could be improved upon is the amount
of concept map training given to the students. Previous research that shows benefits of
concept mapping often takes place in classrooms, taking place over multiple weeks with
more extensive concept map training and practice than was feasible for the current
experiment. The four minutes of concept map training that students in this experiment
received were likely not enough, especially since some conditions involved novel concept
mapping activities (i.e., the partial maps), even for students with prior concept mapping
experience. Perhaps a more naturalistic (i.e., classroom) setting is necessary for CMBNT
to be most effective since this would allow for more interactive concept map training and
practice. Concept mapping activities that increased in difficulty over the course of a
semester may also be an effective scaffolding strategy. For example, when students begin
a semester with low prior knowledge and less concept mapping experience, providing a
full map for students to study may be most beneficial. However, as the semester
progresses (and knowledge on the subject is increased), students may benefit more from
adding their own contributions to a concept map. In terms of the content of the students’
contributions, generating either only nodes or only links is likely not a sufficient method
for partial CMBNT. Rather, a combination of generating some links and some nodes may
be a better alternative. After all, concepts and relationships do not occur in isolation. A
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relationship is only accurate in reference to the concepts it is connecting; likewise,
concepts are likely not free-floating in the mind, but are bound by relationships. Einstein
and Hunt (1980) suggested the need for both components, proposing that information
about individual concepts, as well as relational information, would be necessary for
effective retrieval from one’s mental model. As mentioned previously, offering feedback
during CMBNT may lessen extraneous cognitive load that detracted from the advantage
of generativity and retrieval practice in the current work. Future research addressing these
issues and investigating the effectiveness of the suggested concept mapping
implementation will advance our understanding of when and why concept maps are
effective.
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APPENDIX A- EXPERIMENTAL TEXT MODIFICATION FROM ORIGINAL
Below is the original text as used by Braasch and Goldman (2010). The crossed out text
are the portions removed for the version of the text to be used in the current experiment.
These portions were removed either to create novel inference or analogy posttest items,
or to shorten and simplify the text.
El Niño
One of the most famous and powerful disruptions of the ocean-atmosphere system
is the weather phenomenon commonly referred to as El Niño. El Niño drastically affects
the weather in the equatorial Pacific Ocean and the resulting changes in weather
dramatically disrupt people’s lives. Though the El Niño weather phenomenon originates
in a relatively “local” area, when in full swing, it has worldwide economic, ecological,
and societal consequences.
El Niño events occur in somewhat predictable cycles every three to seven years
and may last for many months. During the past forty years, eleven El Niño events have
been recorded. The worst one occurred in 1997-1998. It lasted for eight months, caused
an estimated 33 billion dollars in property damage, and killed approximately 2,100
people.
How Weather Patterns Develop in the Equatorial Pacific
Simply put, El Niño is a disruption of typical weather patterns in the equatorial
Pacific. Understanding how and why this disruption occurs involves a consideration of
the forces involved in weather patterns. Weather patterns are governed by the relationship
between movement of air in the atmosphere and movement of water in the ocean.
Movement of Air. The movement of air in the Earth's atmosphere is dominated
by differences in air pressure. Specifically, there are high pressure systems and low
pressure systems that interact with each other.
One way that may be helpful to understand weather patterns is to imagine that you
have just blown up a balloon with air and you are holding the balloon shut with your
fingers. You loosen your grip on the mouthpiece so that air begins to come out. What
causes the air to come out of the balloon? The air comes out because there is higher air
pressure inside the balloon and lower air pressure outside the balloon, and air always
moves from areas of higher pressure to areas of lower pressure.
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The relationship in weather patterns is that air moves from areas of high pressure
to areas of low pressure. This creates wind patterns that are responsible for moving air
around the Earth. In the context of the equatorial Pacific Ocean, pressure is higher in the
east near the coast of Peru and Chile than it is in the west near Japan and parts of
Australia. Air moves from the higher pressure systems in the eastern Pacific to the lower
pressure systems in the western Pacific. This air pressure difference is what drives the air
from the east to the west and creates a weather pattern called the “trade winds” along the
equator. The movement of air also has an impact on movement of the waters of the
Pacific.
Movement of Water. Generally, the Pacific Ocean has many layers of water that
are defined by their temperatures. The surface layer is the warmest because there is a
concentrated amount of sunlight hitting the surface at the equator. This surface water
moves in response to the trade winds.
Now imagine that you have re-inflated the balloon, and this time you are dangling
a sheet of paper in front of the mouthpiece. If you again loosen your grip on the
mouthpiece so that air begins to come out, what will happen to the piece of paper? The
stream of air coming out of the balloon will push the paper away from the balloon. This is
because when you open the balloon, air will move away from areas of higher pressure to
areas of lower pressure. This everyday example is useful for helping you to understand
the typical relationships that govern weather patterns. Of course, the air in the earth's
atmosphere is not enclosed within a container, but the general principles are the same in
weather systems. Air moves from areas of higher pressure to lower pressure. And, the
movement of air in the atmosphere causes the movement of other things, such as water in
the ocean.
As the trade winds blow from east to west and push steadily against the sea for
thousands of miles, they drag the surface water along. As a result, warm surface water
accumulates in the western Pacific. This bulge of warm seawater can become massive,
extending out from the coasts of Australia and Indonesia for many thousands of miles.
This surface water becomes the warmest ocean water on the entire planet at 75-85º F.
The Relationship between the Ocean and Rainfall. The temperature of the
ocean water has a direct effect on the weather above it. Because warm water evaporates
faster than cold water, the bulge of warm water in the western Pacific creates a great
amount of evaporation. When water evaporates, it warms the air. Because warm air can
hold more moisture than cold air, this allows even more water to evaporate above the
bulge.
Just like the ocean, there are different temperature levels in the air. Temperatures
closer to the surface are warmer than temperatures high in the atmosphere. The moist air
produced by the evaporation of the ocean continues to warm and rise. When this air
reaches higher altitudes, it cools. As the air cools it is able to hold less moisture and as a
result clouds form. The high rate of evaporation in the western Pacific produces a high
rate of rain cloud formation and precipitation becomes more likely. Thus, the large bulge
of warm water in the west increases the likelihood of precipitation in that part of the
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Pacific. Countries such as Malaysia, Indonesia, Australia, and other parts of Southeast
Asia typically have very humid and tropical conditions. Conversely, in the eastern Pacific
drier conditions are the norm. Countries such as Peru and Chile in South America
typically experience far less rainfall than those in the western Pacific.
The process of upwelling is a major reason why the eastern Pacific has cooler
surface water and air temperatures than the western Pacific. Co-occurring with the trade
winds moving surface water to the west, cold, nutrient-rich waters are being pulled up
from the depths of the ocean to take the place of the water that has moved to the west. As
a result there is a constant renewal of surface water with cooler water. This is the process
called upwelling. Eventually however this surface water will meet the same fate as the
water it replaced. It will also get heated and will be pushed towards the west by the trade
winds. In the eastern Pacific cold water is closer to the surface than it is in the western
Pacific. Together the cooler surface water and the cooler air inhibit the evaporation of
moisture into the air and it is less likely to rain. This is why the Galapagos Islands and the
coast of Peru typically experience drought conditions.
The airflow patterns over the equatorial Pacific Ocean are best thought of as a
cyclic process. The constant evaporation of the warm water in the west creates a vacuumlike state. As the hot air rises, the trade winds are sucked towards the west. The “loop” is
completed by a returning flow of air at higher altitudes from west to east. This circular
pattern of air movement is referred to as convection and, in the case of the Pacific Ocean,
is specifically referred to as the Walker Circulation. The Walker Circulation feeds the
trade winds. In brief, the convection cycle helps explain the climate variations between
the eastern and western Pacific.
El Niño: A disruption in typical weather processes
The El Niño weather phenomenon is a disruption in typical weather patterns. An
El Niño event is triggered when the air pressure gradient weakens.
If you think about the deflating balloon once again, you can imagine that the air
coming out of the balloon will slow down over time. This is because the air pressure
inside and outside the balloon are becoming more similar. Now, with no stream of air
pushing against it, the paper will swing back toward the balloon.
In weather systems, the change in the gradient is due to both a decrease in air
pressure in the eastern equatorial Pacific and a simultaneous increase in the western
equatorial Pacific. When the air pressure gradient changes, so does the strength of the
trade winds.
When the trade winds decrease in strength, they can no longer keep the massive
bulge of warm water in the western Pacific. As a result, the mass of warm water rushes
back eastward towards the central or eastern Pacific. Accordingly, the surface water of
the eastern Pacific is no longer being pulled west and upwelling is suppressed. This
produces a massive pool of warm water in the east and an increasing amount of moisture
evaporates into the air. As more and more moisture evaporates, the hot air rises,
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condenses into clouds, and, ultimately, precipitates out as rain. The result is that areas
that typically experience drought conditions, like Peru and Chile, instead experience
heavy rains. Massive flooding often results. Exactly the opposite occurs in the western
equatorial Pacific. It experiences colder ocean water closer to the surface. Consequently,
there are not massive amounts of moisture evaporating into the air and the probability of
rain decreases dramatically. As a result, countries in the western Pacific often experience
drought conditions during an El Niño event.
El Niño events disrupt oceanic ecologies, economic and social systems. For
example, in Peru, the economy and diet depend on the large anchovy populations that
inhabit the typically cold and nutrient-rich coastal waters. During an El Niño event the
anchovy fish population all but disappears because warm water displaces the cold water
for one or two years. The lack of anchovies affects the prosperity of the local fisherman
and reduces the amount of fishmeal exported to other countries that use it to feed poultry
and livestock. In the absence of sufficient fishmeal supply, more expensive alternative
feed sources must be used and poultry prices increase worldwide. On the other side of
the Pacific the relative lack of rainfall creates fresh water shortages, deficits in
hydroelectric energy resources, crop losses, and devastating brushfires. Thus, although El
Niño is a relatively local weather phenomenon it has worldwide consequences.
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APPENDIX B- FINAL EXPERIMENTAL TEXT
Typical Weather Patterns in the Equatorial Pacific

How Weather Patterns Develop in the Equatorial Pacific
Weather patterns are governed by the relationship between movement of air in the
atmosphere and movement of water in the ocean.
Movement of Air. The movement of air in the Earth's atmosphere is dominated by
differences in air pressure. Specifically, there are high pressure systems and low pressure
systems that interact with each other.
The relationship in weather patterns is that air moves from areas of high pressure to areas
of low pressure. This creates wind patterns that are responsible for moving air around the
Earth. In the context of the equatorial Pacific Ocean, pressure is higher in the East than it
is in the West. Air moves from the higher pressure systems in the eastern Pacific to the
lower pressure systems in the western Pacific. This air pressure difference is what drives
the air from the east to the west and creates a weather pattern called the “trade winds”
along the equator. The movement of air also has an impact on movement of the waters of
the Pacific.
Movement of Water. Generally, the Pacific Ocean has many layers of water that are
defined by their temperatures. The surface layer is the warmest because there is a
concentrated amount of sunlight hitting the surface at the equator. This surface water
moves in response to the trade winds. Air moves from areas of higher pressure to lower
pressure. And, the movement of air in the atmosphere causes the movement of other
things, such as water in the ocean. As the trade winds blow from east to west and push
steadily against the sea for thousands of miles, they drag the surface water along. As a
result, warm surface water accumulates in the western Pacific.
The Relationship between the Ocean and Rainfall. The temperature of the ocean
water has a direct effect on the weather above it. Because warm water evaporates faster
than cold water, the bulge of warm water in the western Pacific creates a great amount of
evaporation. When water evaporates, it warms the air. Because warm air can hold more
moisture than cold air, this allows even more water to evaporate above the bulge.
Just like the ocean, there are different temperature levels in the air. Temperatures
closer to the surface are warmer than temperatures high in the atmosphere. The moist air
produced by the evaporation of the ocean continues to warm and rise. When this air
reaches higher altitudes, it cools. As the air cools it is able to hold less moisture and as a
result clouds form. The high rate of evaporation in the western Pacific produces a high
rate of rain cloud formation and precipitation becomes more likely. Thus, the large bulge
of warm water in the west increases the likelihood of precipitation in that part of the
Pacific.
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The process of upwelling is a major reason why the eastern Pacific has cooler surface
water and air temperatures than the western Pacific. As the trade winds move surface
water to the west, cold, nutrient-rich waters are pulled up from the depths of the ocean to
take the place of the water that has moved to the west. As a result there is a constant
renewal of surface water with cooler water. This is the process called upwelling.
Together the cooler surface water and the cooler air inhibit the evaporation of moisture
into the air and it is less likely to rain.
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APPENDIX C- EXPERIMENTAL STIMULI
Nodes Provided, Links Provided Condition
Instructions: Instead of filling in a concept map, you are provided with a complete map to
study along with the text. You have 15 minutes to read the text and study the map. The
map is focused on answering the question “What are the typical weather patterns in the
Equatorial Pacific?”
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Nodes provided, Links Generated Condition
Instructions: You have been provided with a map missing its links. Please take notes by
filling in one link name on each line. Please fill in all of the links. If you cannot find the
information in the text, please write your best guess. You have up to 15 minutes to read
the text and take your notes on this map. The map is focused on answering the question
“What are the typical weather patterns in the Equatorial Pacific?”

56

Nodes Generated, Links Provided Condition
Instructions: You have been provided with a map missing its nodes. Please take notes by
filling in one node name in each box. Please fill in all of the nodes. If you cannot find the
information in the text, please write your best guess. You have up to 15 minutes to read
the text and take your notes on this map. The map is focused on answering the question
“What are the typical weather patterns in the Equatorial Pacific?”
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Nodes Generated, Links Generated Condition
Instructions: Instead of filling in a concept map we give to you, we ask that you create
your own concept map based on the text you are reading. Create the map based on the
information from the text that you feel is important. You have up to 15 minutes to
complete your concept map. Your concept map should be focused on answering the
question “What are the typical weather patterns in the Equatorial Pacific?”
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APPENDIX D- CONCEPT MAP TRAINING MATERIALS
This experiment is broken into 6 sections
For all timed sections, a timer will be provided on the screen.
You will begin with some brief training on concept maps, followed by:
1) Pretest (on the computer). This is not timed.
2) Reading text (on the computer) and taking notes (paper and pencil). You have up to 15
minutes for this section. If you finish before the timer runs out, you may click the arrow
buttons at the bottom of the page to continue.
3) Word search task (paper and pencil). You will have 3 minutes to work on a word
search. The word search provides important additional data, but you do not have to
complete the word search in the time provided, just do your best to find as many words as
you can.
4) Review activity (paper and pencil). You have up to 8 minutes for this section. A timer
is provided on the screen. You will not have the text or your notes available during the
concept mapping activity. If you finish before the timer runs out, you may click the arrow
buttons at the bottom of the page to continue.
5) Word search task (paper and pencil). You have 3 minutes to find as many words as
you can in the word search provided.
6) Posttest (on the computer). This is not timed. The posttest consists of three sections.
First you will be asked to remember as much as you can from the information you
studied. Next you will answer fill-in-the-blank questions regarding facts taken from the
text. The final posttest section consists of multiple choice questions for which you will be
asked to apply the knowledge you gained.
Following the posttest is a brief survey with questions regarding demographic
information, strategy use, and previous concept mapping experience.
What Is a Concept Map?
Below is an image of a simple concept map. Concept maps consist of nodes and links.
Nodes are the squares which contain main ideas. The links, or lines connecting the
squares, are labeled to show the relationship between two concepts.
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Each node-link-node connection (as seen above) is read as a single fact. The example
above is read, “biomes include tropical rainforest.” Notice that when reading a concept
map fact, you should start with the first node and follow the arrow to the second node.
That is the direction you read the fact.
Links should be labeled and show direction (have arrows). Each link should be a simple
verb or verb phrase. All nodes should also be labeled. Each node should be a simple noun
or noun phrase.
The concept maps that you will be using may have blank places in the map like one of the
two maps shown below. In map A the link is blank and in map B the node is blank.

What Am I Being Asked to Do?
For this experiment, you will receive a text to read. While reading the text, please take
notes either on the concept map provided, or by creating your own concept map,
depending on what your instructions tell you to do.
The concept map may or may not have blank links or nodes for you to fill in.
After reading the text and taking notes, you will have a review activity to complete, for
which you will NOT have the text or your previous notes available.
Common Types of Maps
Concept maps can take many forms. Three common forms are shown below. You do not
need to study these. They are just examples of types of map layouts.
A. Radial. These maps have the main topic node in the center with details extending from
that node.

60

B. Hierarchical. These maps generally have the main topic node at the top with the details
flowing downward from that node.

C. Cyclical. These maps do not have a set position for the main topic node. The main
characteristic is that the map’s links form a circle.

61

APPENDIX E- PRETEST
Ocean Life Items (5)
Sea grasses grow on the ocean floor in shallow areas. Runoff from the land into the ocean
causes the waters to become cloudy. Cloudy water affects the sea grasses' ability to make
their own food because there is not enough ________.
A) oxygen
B) water
C) light*
D) carbon
The use of certain chemicals by humans has caused holes to form in the Earth's ozone
layer. This allows more ultraviolet (UV) light to reach the oceans. Scientists are
concerned that an increase in UV light will start killing microscopic marine algae. Which
of these statements describes how the ocean food web would be affected by a large
decrease in microscopic marine algae?
A) There will be fewer marine animals because there will be fewer producers. *
B) There will be no change because the algae are very small.
C) There will be more consumers because the UV light kills producers.
D) There will be fewer consumers because the UV light kills decomposers.
Which trophic level is most likely missing from an ocean floor food web at a depth of
800 meters?
A) carnivores
B) decomposers
C) producers*
D) scavengers
In deep ocean trenches, bacteria produce organic materials from inorganic compounds
through the process of________.
A) respiration
B) decomposition
C) photosynthesis
D) chemosynthesis*
An oceanographer is traveling from the west toward the east on the Atlantic Ocean. She
collects rock samples from the seafloor every 5 kilometers. The oceanographer stops
when she determines that the rock samples are getting progressively younger as she
moves toward the east. What conclusion is best supported by this data?
A) She is traveling toward a mid-ocean ridge. *
B) She is traveling toward a deep-ocean trench.
C) She is traveling away from an underwater volcano.
D) She is traveling away from a hot spot in the crust.
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Water Cycle Items (2)
A student set up a terrarium, watered the soil, and covered the terrarium tightly with a lid.
The next day, the student observed water droplets on the inside of the lid. The droplets
provide evidence that which of the following steps of the water cycle had occurred in the
terrarium?
A) runoff and evaporation
B) precipitation and runoff
C) evaporation and condensation*
D) condensation and precipitation
According to the simplified water cycle, the process of transpiration is the process that
________.
A) causes photosynthesis in plants
B) releases water vapor from plants*
C) speeds the evaporation of water
D) increases the rate of the water cycle
Air/ atmosphere Item (1)
Which two gases represent most of Earth's atmosphere?
A) Water vapor, carbon dioxide
B) Water vapor, nitrogen
C) Oxygen, carbon dioxide
D) Oxygen, nitrogen*
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APPENDIX F- POSTTEST AND SURVEY
Free Recall Portion
Please type in as much information as you can remember from the information about
weather patterns that was provided to you during the experiment.

Fill in the Blank Portion
Main Idea Node Items
The movement of air in the Earth's atmosphere is dominated by differences in
_____________. [air pressure]
Air moves from areas of _____________ pressure to areas of _____________ pressure.
[high, low]
Air moves from _____________ to _____________. [east, west]
Air pressure difference creates a weather pattern called the _____________ along the
equator. [trade winds]
The surface water moves in response to the _____________. [trade winds]
Warm surface water accumulates in the _____________. [western Pacific]
_____________ evaporates faster than _____________. [warm water, cold water]
High rates of _____________ produce high rates of rain cloud formation. [evaporation]
High rain cloud formation makes _____________ more likely. [precipitation]
_____________ is the process of cold, nutrient rich waters being pulled up from the
depths of the ocean to take the place of the water that has been moved to the west.
[upwelling]

Main Idea Link Items
The movement of air in the Earth's atmosphere is _____________ differences in air
pressure. [dominated by]
Air _____________ from areas of high pressure to areas of low pressure. [moves]
Air _____________ from East to West. [moves]
Air pressure difference _____________ a weather pattern called the “trade winds” along
the equator. [creates]
The surface water _____________ in response to the trade winds. [moves]
Warm surface water _____________ in the western Pacific. [accumulates]
Warm water _____________ faster than cold water. [evaporates]
High rates of evaporation _____________ high rates of rain cloud formation. [produce]
High rain cloud formation _____________ precipitation more likely. [makes]
Upwelling is the process of cold, nutrient rich waters _____________ from the depths of
the ocean to take the place of the water that has been moved to the west. [being
pulled up]
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Detail Idea Node Items
In the atmosphere, there are _____________ systems and _____________ systems that
interact with each other. [high pressure, low pressure]
_____________ differences move /drive the air. [air pressure]
The layers of ocean water are defined by their _____________. [temperatures]
There is a concentrated amount of _____________ hitting the surface water at the
equator. [sunlight]
The _____________ of the ocean water directly affects the weather above it.
[temperature]
When water evaporates, it warms the _____________. [air]
The _____________ of water produces moist air. [evaporation]
_____________ can hold more moisture than _____________. [warm air, cold air]
There are different _____________ levels in the air. [temperature]
Air temperatures closer to the _____________ are warmer than temperatures
_____________. [surface, high in the atmosphere]
As the air rises and cools, _____________ form. [clouds]
_____________ increases the likelihood of precipitation. [warm water]

Detail Idea Link Items
In the atmosphere, there are high pressure systems and low pressure systems that
_____________ with each other. [interact]
Air pressure differences _____________ the air. [move/drive]
The layers of ocean water are _____________ by their temperatures. [defined]
There is a concentrated amount of sunlight _____________ the surface water at the
equator. [hitting]
The temperature of the ocean water _____________ the weather above it. [directly
affects]
When water evaporates, it _____________ the air. [warms]
The evaporation of water _____________ moist air. [produces]
Warm air can _____________ more moisture than cold air. [hold]
As the air _____________ and _____________, clouds form. [rises, cools]
Warm water _____________ the likelihood of precipitation. [increases]

Multiple Choice Portion
Inference Items
Trade winds are responsible for which of the following?
A) The accumulation of colder surface water in the Eastern Pacific
B) The accumulation of warm surface water in the Western Pacific*
C) Air moving from areas of high pressure to areas of low pressure
D) Surface water traveling from West to East
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As a result of the cycle of upwelling, which of the following is true?
A) Eventually the new surface water will get heated and be pushed toward the
West by trade winds like the surface water before it. *
B) Over time the deeper water will warm and be pushed toward the East by trade
winds.
C) Once upwelling has occurred once in a given area, it does not necessarily
happen again, so upwelling will not have an effect on the water in the future.
D) Eventually the new surface water will evaporate into the air making it more
likely to rain.
As a result of upwelling in the Eastern Pacific, which of the following is true?
A) There is an increased chance of evaporation in the Eastern Pacific
B) In the Western Pacific, warm water is closer to the surface than it is in the
Eastern Pacific
C) There is an increased chance of precipitation in the Eastern Pacific
D) In the Eastern Pacific, cold water is closer to the surface than it is in the
Western Pacific*
What is the result of the cooler surface water and cooler air near the Galapagos Islands?
A) It is more likely to rain and areas like this typically experience heavy rains.
B) It is less likely to rain and areas like this typically experience drought
conditions.*
C) Areas like this are more likely to experience El Niño (disruption of typical
weather patterns in the equatorial Pacific).
D) Areas like this are less likely to experience El Niño (disruption of typical
weather patterns in the equatorial Pacific).
Analogy Items
The Eastern Pacific is most similar to which of the following?
A) The surface of a balloon filled with air because it creates tension
B) The inside of a balloon filled with air because it has higher pressure than the
air outside of it*
C) The outside of a balloon filled with air because it has lower pressure than the
air inside the balloon
D) The action of deflating a balloon filled with air because it involves the
movement of high pressure air to an area of low pressure air
The Western Pacific is most similar to which of the following?
A) The surface of a balloon filled with air because it creates tension
B) The inside of a balloon filled with air because it has higher pressure than the
air outside of it
C) The outside of a balloon filled with air because it has lower pressure than the
air inside the balloon*
D) The action of deflating a balloon filled with air because it involves the
movement of high pressure air to an area of low pressure air
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The cause of the movement of surface water is most similar to which of the following?
A) The air blowing out of a balloon and blowing an object in its path because it
involves air moving an object*
B) Blowing air into a balloon because it involves the forceful movement of air
C) Popping a balloon because it involves the release of air
D) Filling up a balloon with water because it involves the movement of water
Survey Portion
What gender do you identify with?
Male
Female
What race do you most closely identify with?
Caucasian
Asian
Native American
Latino

African American
Hispanic
Two or more

What is your major?
If you have taken the ACT, please type in your total score below. If you are not
comfortable giving us this score or you have not taken the ACT, please type “n/a” in the
box below.
Please select the number corresponding to how much you agree with the following
statements from 1 (strongly disagree) to 5 (strongly agree)
I found the text to be difficult to understand.
I found the instructions of what a concept map is to be clear and understandable.
I found the instructions of what a concept map is to be helpful.
I found the note taking task (with the text available) to be difficult.
I found the concept map review activity (without the text available) to be difficult.
I am familiar with concept mapping being used in an educational (school) setting.
I am familiar with using concept maps to take notes.
I am a motivated student.
I am a “good” student.
Please select which of the following strategies best represents how you completed the
text reading/ note taking portion. Please read all answer choices before choosing the one
that best reflects your strategy.
A) I read the text all the way through before taking notes, then took notes without
referring back to the text.
B) I read the text all the way through before taking notes, then took notes while
referring back to the text.
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C) I read the text and took notes at the same time, going through the text only one
time.
D) I read the text and took notes at the same time, going through the text more
than once.
E) I took notes without reading the text.
F) I took notes by searching for key terms in the text, rather than reading the text
completely.
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APPENDIX G- CONCEPT MAP SEMANTIC SCORING RUBRIC (MILLER &
CAÑAS, 2008)
Points are awarded for each of six categories (or criteria).
This semantic scoring rubric is meant to be applied to concept maps that, for the most
part, contain no texts nor lack linking phrases. When it is deemed that a map does not
meet the requirements to be evaluated semantically, it is given a total score of 0 and
assigned to the category of “unevaluated” concept maps.

CRITERION # 1: Concept relevance1 and completeness
Note 1: Relevance and completeness is determined, first, in relation to the root
concept; second, the focus question (if there is one and the root concept
corresponds to it); third, the concepts closest to the root concept (if there is no
focus question or the root concept is not related to focus question).
Note 2: If several concepts appear within a single box, but clearly identified as
individual concepts (for instance, separated by commas or marked by vignettes)
they are counted as separate concepts.






0 pts. The map contains very few concepts and/or most concepts are irrelevant,
redundant or not well-defined (e.g., “characteristics” instead of “physical
characteristics”); additionally, there is an excessive use of examples (one third or
more of the map’s concepts are examples).
1 pts. One half or more of the map’s concepts are relevant and well-defined, but
many important concepts are missing; and/or there is an excessive use of
examples (one third or more of the map’s concepts are examples.
2 pts. Most concepts are relevant and well-defined, but some important concepts
are missing. Appropriate use of examples (less than a third of the map’s concepts
are examples).
3 pts. All concepts are relevant and well-defined; no important concepts are
missing. Appropriate use of examples (less than a third of the map’s concepts are
examples).

CRITERION # 2: Propositions as “semantic units”
Note 1: In the case of examples, it is permissible to use linking phrases such as:
“like”, “for example”, “such as”, etc.
Note 2: If the map contains a small number of propositions (excluding examples)
or the map does not contain second level propositions, this must be taken into
account in the determining the score. The maximum number of points should only
be given if the map provides sufficient evidence that its author truly understands
the notion of proposition as a “semantic unit” in the sense previously defined.



0 pts. The author does not understand how to construct propositions (very few
propositions are well constructed).
1 pts. The author understands somewhat how to construct propositions (some
propositions are well constructed).
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2 pts. The author understands how to construct propositions (all or almost all
propositions are well constructed).

CRITERION # 3: Erroneous propositions
Note 1: Only propositions and examples validated under criterion # 2 are
considered.




0 pts. The map contains more than 2 erroneous propositions.
1 pts. The map contains 1-2 erroneous propositions.
2 pts. The map contains no erroneous propositions.

CRITERION # 4: Dynamic propositions
Note 1: Only propositions validated under criterion # 2 are considered.
Note 2: This criterion is independent of criterion # 3; that is, erroneous dynamic
propositions are counted.






0 pts. The map contains no dynamic propositions of any kind.
1 pts. The map contains only non-causative dynamic propositions.
2 pts. The map contains 1-2 causative dynamic propositions with physically
separate links6.
3 pts. The map contains more than 2 causative dynamic propositions with
physically separate links.
4 pts. The map contains quantified causative dynamic propositions.

CRITERION # 5: Quantity and quality of cross-links
Note: Only propositions validated under criterion # 2 are considered.







0 pts. The map contains cross-links, but they are all erroneous (false).
1 pts. The map contains no cross-links.
2 pts. The map contains cross-links and these establish correct (true) relationships.
However, they are redundant or not particularly relevant or adequate.
3 pts. The map contains 1-2 correct, relevant and adequate cross-links with
physically separate links. However, based on the concepts present in the map,
important and/or evident cross-links are missing.
4 pts. The map contains more than 2 correct, relevant and adequate cross-links
with physically separate links. However, based on the concepts present in the
map, important and/or evident cross-links are missing.
5 pts. The map contains more than 2 correct, relevant and adequate cross-links
with physically separate links. Based on the concepts present in the map, no
important or evident cross-links are missing.

CRITERION # 6: Presence of cycles


0 pts. The map contains no cycles.
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1 pts. The map contains at least 1 cycle, but some propositions in the cycle do
not satisfy criterion # 2.
2 pts. The map contains at least 1 cycle and all propositions in the cycle satisfy
criterion # 2.
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